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METHOD OF TESTING FRICTION COMPONENTS 
FOR AUTOMATIC TRANSMISSIONS 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 



The present invention relates to a test procedure for testing friction 
components of an automatic transmission. 

10 

2. Background Art 

Automatic transmissions use wet friction components for automatically 
shifting planetary gear sets. Examples of wet friction components used in automatic 
15 transmissions include band brakes and clutch packs. In the design of . automatic 

transmission systems, friction components must be tested to assure adequate transmission 
performance. If friction components are not properly designed or matched to an 
automatic transmission, shifting may be rough, jerky, or inefficient. In addition, the 
reliability and durability of friction components may be reduced. 

20 

Referring to Figure 1 , a standard inertia-absorption-type test stand such as 
an industry-standard Society of Automotive Engineers #2 (SAE#2) test stand is shown. 
SAE#2 test stands have been widely used to evaluate friction component engagement 
behavior. However, engagement conditions on SAE#2 test stands are inconsistent with 

2 5 the shifting kinematics of many automatic transmission systems. For example, in a 

typical up-shift that involves two friction components, sliding speed of the on-coming 
friction component slightly increases or remains nearly constant during an initial phase 
of the engagement (i.e., the torque phase of the shifting) even after it develops 
engagement torque. The slip speed starts decreasing toward zero only after the off- 

3 0 going friction component disengages at the beginning of the inertia phase. However, in 

a conventional inertia-absorption test, the slip speed starts decreasing as soon as the 
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engagement torque starts rising. Due to this inconsistent slip speed profile, conventional 
test methods used on friction component test stands fail to accurately capture realistic 
engagement effects such as hydrodynamic effects on engagement torque. 



5 During shifting, friction component engagement torque primarily 

determines the level of automatic transmission output shaft torque. The engagement 
characteristics of friction components have a direct impact on shift quality. Engagement 
behavior varies widely under different operating conditions. Oil and friction material 
characteristics may also have a significant impact on the engagement process. During 
10 automatic transmission system development, it is important to accurately characterize 

friction component engagement behavior under all operating conditions. 

Referring again to Figure 1, the SAE#2 inertia-absorption-type test stand 
is illustrated. A friction component 10 to be tested (i.e., either a band brake system as 
15 illustrated in Figure 1 or a plate clutch assembly) is mounted on a drive shaft 12 that is 

connected to at least one inertia wheel 14 and a driving motor 16. One part of the 
friction component 10a is connected to the motor 16 while the other part of the friction 
component 10b is grounded to a housing 18. The frictional interface is lubricated with 
oil to simulate operation in a wet friction component environment. 

20 

Referring to Figure 2, a flow diagram illustrating a control procedure for 
a SAE#2 friction component engagement test stand is provided that shows how the test 
stand is used in a typical prior art test protocol. The test control system initializes 
control variables at a block 20 wherein the system is initialized at t = 0 with V(0)=0 and 

2 5 F(0)=0. A motor speed or drive shaft speed V(t) and an engagement force F(t) are 

measured at a block 22. Other variables may also be measured during the test, including 
a friction component engagement torque T(t). The driving motor 16 first raises the drive 
shaft speed V(t) to a prescribed value Vtar ge t as shown in a block 24 through either an 
open-loop control or a closed-loop control using measurements of V(t) as a feedback 

3 0 signal. When V(t) reaches its target value of Vtarget, as shown in a block 28, the drive 

motor 16 is decoupled from the drive shaft 12 and the friction component 10 at a block 
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30. At a block 32, the test control system controls the engagement force F(t) to follow a 
prescribed force profile Ftargct(t) through either an open-loop control or a closed-loop 
control using measurements of F(t) as a feedback signal. As soon as the friction 
component 10 engagement torque develops, the drive shaft 12 slows down in response to 
5 engagement torque and the system's mechanical inertia. When the drive shaft speed V(t) 

reaches zero at a block 34, the test cycle is complete. This system fails to create a test 
condition that corresponds to the torque phase of actual automatic transmission shifting. 

Referring now to Figure 3, test data measured on the test stand of Figure 
1 is illustrated in accordance with the prior art test procedure. The motor 16 rotates one 
part of the friction component 10a to achieve a target sliding speed Vtarget prior to the 
test, as shown by reference numeral 36. When engagement is commanded at a time to, 
an actuator 19 applies an engagement force pneumatically or hydraulically to the friction 
component 10. The engagement force profile is shown by reference numeral 37. The 
sliding speed remains at about a value Vtarget while the actuator 19 strokes against its 
return mechanism. At or near the end of stroking at a time to-fts, the motor 16 is 
powered off or de-coupled from the drive shaft 12. As soon as the engagement torque 
rises at to+ts, the sliding speed starts decreasing. Engagement torque is shown by 
reference numeral 38. As engagement proceeds, the sliding speed decreases, 
approaching zero. 

The prior art test methodology is limited to evaluating engagement 
behavior of automatic transmission shift events whose kinematics allow the sliding speed 
to drop as soon as engagement torque rises. In many automatic transmission shift 
25 events, the sliding speed actually increases or remains nearly constant during the torque 

phase even after friction component engagement torque develops. Unrealistic or 
erroneous engagement test results for a friction component may adversely impact 
application of the test results in automatic transmission design. 

For the foregoing reasons, the present invention is directed to providing a 
3 0 method for testing friction component engagement behavior on friction component test 

stands to obtain results that are consistent with automatic transmission shift kinematics. 
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SUMMARY OF THE INVENTION 



According to one aspect of the present invention, a method of testing a 
friction component for an automatic transmission is provided that more accurately 
simulates friction component performance. The method comprises installing a friction 
component in a test stand having a drive shaft and a grounding anchor with a first part of 
the friction component attached to the drive shaft and a second part of the friction 
component attached to the grounding anchor. The drive shaft of the test stand is rotated 
with a motor drive until the drive shaft including the first part of the friction component 
rotates at a target sliding speed Vtarget and continues rotation at that speed. An actuation 
force is applied to an actuator of the friction component at a start time to to stroke the 
actuator over a stroke time ts and to apply an engagement force to the friction component 
at to + ts. Operation of the motor drive is continued to maintain the speed of rotation of 
the drive shaft at Vtarget for a period of time corresponding to the target torque phase time 
tt. The motor drive is decoupled from the drive shaft at to+ts+tt which allows the 
rotating speed of the drive shaft and the sliding speed of the friction component to 
decrease in response to engagement torque of the friction component. The task is 
terminated when the sliding speed falls to zero during a time period referred to as the 
inertia phase ti. 

Other aspects of the method further comprise the actuator having a return 
mechanism that applies a biasing force to return the friction component to a disengaged 
condition. In the absence of any significant biasing force, the value for the actuator 
stroke time ts may be set to approximately zero. The torque phase interval tt begins at 
to+ts and may terminate when a feedback signal representative of a predetermined 
engagement torque Tth is obtained. Measurements of the drive shaft rotational speed 
may be used to control the drive shaft rotating speed at Vtarget through a feedback control 
until the time t= to+ts+tt. Alternatively, drive shaft speed measurements V(t) may be 
used to control the drive shaft rotating speed V(t) through a feedback control until T(t) 
reaches Tth. Measurements in the engagement torque T(t) may be used as a feedback 



signal to monitor when T(t) is greater than zero to determine to+t>. Measurements of 
T(t) are used as feedback signals to monitor whether the engagement torque level has 
reached Tih. 

In an alternative embodiment of the invention, a method of testing a 
friction component for an automatic transmission is provided that is based on reducing 
the motor torque to a predetermined level. The method begins by installing a friction 
component that has a first part and a second part in a test stand having a drive shaft and 
a grounding element. The first part of the friction component is attached to the drive 
shaft and the second part of the friction component is attached to the grounding element. 
The first part of the friction component is rotated with a motor drive until the drive shaft 
and the first part of the friction component rotate at a target sliding speed Vtarget and 
continuing rotation at Vtarget. An actuation force is applied to an actuator of the friction 
component at time to. Operation of the motor drive is continued to maintain the speed of 
rotation of the drive shaft at Vtarget for a period of time until the predetermined level of 
torque Tth is obtained. Upon obtaining Tm, the motor torque is reduced to a 
predetermined level Tm. Upon reduction to Tm, the sliding speed of the drive shaft 
decreases until the sliding speed falls to zero during a time period referred to as the 
inertia phase ti. 

According to other aspects of this latter method, the level of Tm can be 
adjusted to lengthen or shorten ti without modifying or adjusting one or more mechanical 
inertia wheels that may be attached to the drive shaft. 

According to another aspect of the present invention, a system is provided 
for testing a friction component of an automatic transmission. The system includes a test 
stand in which a friction component is installed with a first part of the friction 
component being attached to a drive shaft and a second part of the friction component 
being attached to a grounding portion of the test stand- A motor drive rotates the drive 
shaft of the test stand until the first part of the friction component and drive shaft rotate 
at a target sliding speed Vtarget and continuing rotation at Vtarget. An actuator of the 



friction component is actuated at time to. The actuator has a return mechanism that 
applies a biasing force to return the friction component to a disengaged condition. The 
actuator is stroked against the return mechanism during a time ts to cause the friction 
component to apply an engagement force at time to+ts. Operation of the motor drive is 
5 continued to maintain the speed of the rotation of the drive shaft at Vtarget for a period of 

time corresponding to the target torque phase time tt. The motor drive is decoupled 
from the drive shaft at the end of tt and the rotating speed of the drive shaft and first part 
of the friction component are allowed to decrease in response to engagement torque of 
the friction component. The test is terminated when the sliding speed falls to zero 
10 during a time period referred to as the inertia phase ti. 

According to other aspects of the invention as it relates to a system for 
testing friction components, the time for decoupling the motor drive is to+ts + tt. The 
target for the torque phase interval tt begins at to+ts and terminates when a feedback 
15 signal representative of a predetermined level of engagement torque Tth is obtained. 

Measurements of engagement torque T(t) may be used as a feedback signal to monitor 
whether the engagement torque level has reached the predetermined threshold level Tth. 

These and other aspects of the present invention will be better understood 
2 0 in view of the attached drawings and following detailed description of several illustrative 

embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 5 FIGURE 1 is a schematic representation of an inertia-absorption-type 

friction component engagement test stand (shown with a band brake); 

FIGURE 2 is a flow diagram of a prior art test procedure; 

3 0 FIGURE 3 is a graph illustrating an example of test data measured 

according to the methodology of the prior art; 
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FIGURE 4 is a flow diagram illustrating a control procedure wherein the 
motor is decoupled when t=to+ts+tt; 

5 FIGURE 5 is a graph illustrating an example of test data reflecting test 

results achieved using the method of the flow diagram of Figure 4; 

FIGURE 6 is a flow diagram illustrating a control procedure wherein the 
motor is decoupled when T(t) = Tth; 

10 

FIGURE 7 is a graph illustrating an example of test data reflecting test 
results achieved using the method of the flow diagram of Figure 6; 

FIGURE 8 is a flow diagram illustrating a control procedure wherein the 
15 motor torque is reduced to Tmwhen T(t)=Tth; and 

FIGURE 9 is a graph illustrating an example of test data reflecting test 
results achieved using the method of the flow diagram of Figure 8. 

2 0 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

Referring now to Figure 4, a flow diagram illustrates implementation of 
an improved control procedure for an SAE#2 friction component test stand according to 
one embodiment of the present invention. At a block 40, the test control system 
25 initializes control variables V(t) and F(t) at t=0, such that V(0)=0, and F(0) = 0. Drive 

shaft speed V(t) and engagement force F(t) are measured at a block 42. Other variables 
also measured during the test include friction component engagement torque T(t). To 
prepare for friction component engagement, the drive motor 16 raises the drive shaft 12 
speed to a prescribed value Vtarget at a block 44 and a decision block 46. Once V(t) 

3 0 reaches its target value of Vtarget as shown in the decision block 46, the test control 

system begins controlling engagement force F(t) as shown in an action block 48. Values 
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of F(t) are equated to Ftarg«(t) using either an open-loop control or a closed-loop control 
with measurements of F(t) as a feedback signal. The test control system controls 
motoring torque to maintain the target drive shaft speed V(t) of Vtarget through either an 
open-loop or a closed-loop control using measurements of V(t) as a feedback signal that 
5 is provided to the block 48. When the measured engagement torque T(t) becomes 

greater than zero, as shown in a decision block 50, a timer is set to t=to+ts at a block 52 
to record the start of the torque phase. As the engagement force F(t) increases, the 
friction component engagement torque T(t) exerted on the drive shaft 12 as brake torque 
also increases. The test control system controls motoring torque to maintain the drive 

1 0 shaft speed V(t) at its target Vtarget through a closed-loop control using measurements of 

V(t) as a feedback signal, as shown in an action block 54. This creates an engagement 
condition that corresponds to a torque phase of an automatic transmission shifting in 
which a friction component sliding speed stays relatively constant. When the torque 
phase interval reaches the end at a value tt or when the timer reaches t = to + ts+tt, as 

15 shown in a decision block 56, the motor 16 is de-powered or decoupled from the drive 

shaft 12 and the friction component 10 to end the torque phase as shown in a block 58. 
As the engagement continues, the drive shaft slows down according to engagement 
torque and the mechanical inertia of the system. The control system continues to control 
engagement force F(t) at a block 60 using measurements of F(t) as feedback. When the 

2 0 drive shaft speed (e.g., friction component slip speed) V(t) reaches zero as detected at a 

decision block 62, the test cycle completes and the motor system is decoupled from the 
drive shaft 16 and the friction component. 

Referring now to Figure 5, a graph is shown similar to Figure 3 

2 5 illustrating an example of test data measured according to the method of Figure 4. Prior 

to beginning the engagement test, the drive motor 16 spins one part of the friction 
component 10a to achieve a target sliding speed Vtarget while the actuator 19 strokes 
against its return mechanism. When engagement is commanded at to, the actuator 19 
applies engagement force either pneumatically or hydraulically. The motor 16 maintains 

3 0 the sliding speed at or near Vtarget until a time t = to + t s + tt, where both the actuator stroke 

time U and the target torque phase interval tt are adjustable parameters. The actuator 
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force profile may be adjusted to achieve a desired ts for a selected actuator return 
mechanism. The value of tt is determined a priori based upon the target torque phase 
time tt of a desired automatic transmission system. The control automatically turns off 
or decouples the driving motor 16 from the drive shaft 12 at the time t=to+ts+tt to 
terminate the torque phase interval tt. Once the drive motor 16 is decoupled, the sliding 
speed V(t) starts to decrease and the engagement test ends when the sliding speed V(t) 
reaches zero at a time te. The inertia phase interval ti varies as a function of engagement 
profiles similar to an actual automatic transmission. The drive motor may be controlled 
in such a way as to increase the sliding speed slightly during tt which more closely 
matches the kinematics of the automatic transmission to be modeled under certain shift 
conditions. 

Referring to Figure 6, a flow diagram of an alternative control procedure 
for a SAE#2 friction component engagement test stand is illustrated. At a block 70, the 
test control system initializes control variables V(t) and F(t) at t=0 such that V(0)=0 
and F(0)=0. In this embodiment, three measurements, drive shaft speed V(t), net 
engagement force F(t), and engagement torque T(t) are used to carry out the control 
procedure as shown at a block 72. Although not shown in the diagram, other variables 
are also measured during the test. To prepare for friction component engagement, the 
drive motor 16 first raises the drive shaft speed V(t) to a prescribed value Vtarget as shown 
in an action block 74 and a decision block 76 through either an open-loop control or a 
closed-loop control using measurements of V(t) as a feedback signal. After V(t) reaches 
its target value of Vtarget as shown in the block 76, the control system controls F(t) to 
follow the prescribed force profile Ftar ge t(t) through either an open-loop control or a 
closed-loop control using F(t) as a feedback signal at a block 78. When the measured 
engagement torque T(t) becomes more than zero as shown in a block 80, a timer is set to 
t=to+ts to record the start of the torque phase at a block 82. As the engagement force 
F(t) increases following the target force profile Furget, the friction component engagement 
torque T(t) exerted on the drive shaft as brake torque also increases. The control system 
controls motoring torque to maintain the drive shaft speed V(t) (e.g. friction component 
slip speed) at its target Vtarget through a closed-loop control using measurements of V(t) 



as a feedback signal as shown in an action block 84. When the measured engagement 
torque T(t) reaches its threshold value Tth at a decision block 86, the motor 16 is de- 
powered or decoupled from the drive shaft 12 and the friction component 10 to end the 
torque phase tt as shown in a block 88. As the engagement continues, the drive shaft 12 
5 slows down according to engagement torque and the mechanical inertia of the system. 

The control system continues to control the engagement force F(t) at a block 90 using 
F(t) as a feedback signal. When the drive shaft speed V(t) reaches zero, the test cycle 
completes at a block 92. 

10 Referring now to Figure 7, a graph is shown similar to Figure 5 

illustrating an example of test data measured according to the method of Figure 6. The 
measured value of the engagement torque T(t) shown by a line 60 is directly fed back to 
a motor controller. When the value of the engagement torque T(t) reaches a target level 
of Tth, the control automatically turns off or decouples driving motor 16 from the drive 
15 shaft 12 to terminate the torque phase interval tt. The torque phase interval tt varies as a 

function of engagement profiles under different engagement conditions similar to an 
actual automatic transmission. 

Referring to Figure 8, a flow diagram of another alternative control 
procedure for a SAE#2 friction component engagement test stand is illustrated. At a 
block 100, the test control system initializes control variables V(t) and F(t) at t=0, such 
that V(0)=0 and F(0)=0. In this embodiment, three measurements, drive shaft speed 
V(t), net engagement force F(t), and engagement torque T(t) are used to carry out the 
control procedure as shown at a block 102. Although not shown in the diagram, other 
variables are also measured during the test. To prepare for friction component 
engagement, the drive motor 16 first raises the drive shaft speed V(t) to a prescribed 
value Vtarget as shown in a block 104 and a block 106 through either an open-loop control 
or a closed-loop control using measurements of V(t) as a feedback signal. After V(t) 
reaches it target value of Vtarget as shown in the block 106, the control system controls 
F(t) to follow the prescribed force profile Ftar ge t(t) through either an open-loop control or 
a closed-loop control using F(t) as a feedback signal at a block 108. When the measured 
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engagement torque T(t) becomes more than zero as shown in a decision block 110, a 
timer is set to t=to+ts to record the start of the torque phase interval tt at a block 112. 
As the engagement force F(t) increases, the friction component engagement torque T(t), 
exerted onto the drive shaft as brake torque, also increases. The control system controls 
5 motoring torque to maintain the drive shaft speed V(t) (e.g. friction component slip 

speed) at the target Vtarget through a closed-loop control using V(t) as a feedback signal at 
a block 114. When the measured engagement torque T(t) reaches the threshold value Tth 
at a decision block 116, the motoring torque is reduced to a prescribed level Tm to end 
the torque phase tt at a block 118. When the motoring torque drops, the drive shaft 12 

10 starts slowing down according to engagement torque, the mechanical inertia of the 

system, and the predetermined level of motoring torque T m . The level of Tm may be 
adjusted to lengthen or shorten the remaining friction component engagement time or 
inertial phase interval ti. The control system continues to control engagement force F(t) 
at a block 120 using F(t) as a feedback signal. When the drive shaft speed V(t) reaches 

15 zero, the test cycle completes at a block 122. 

Referring to Figure 9, a graph is shown similar to that of Figure 7 
illustrating an example of test data measured according to the method of Figure 8. An 
additional line 62 has been added to illustrate the motoring torque Tm that is applied in 
2 0 the method of Figure 8. 

While embodiments of the invention have been illustrated and 
described, it is not intended that these embodiments illustrate and describe all possible 
forms of the invention. Rather, the words used in the specification are words of 
2 5 description rather than limitation, and it is understood that various changes may be made 

without departing from the spirit and scope of the invention. 
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